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SUPPLEMENTAL COMMENTS
LEQO ONE USAOEORPORATION
Leo One USA Ccrporation ("Leo One USA"), by counsel, hereby submits these
Supplemental Comments in the above-captioned proceeding. Leo One USA is a pending
applicant for a mobile sa ellite service ("MSS") below 1 GHz system. It has actively
participated in this proce:ding including the submission of Comments and Reply Comments.
In its Reply Comments, _eo One USA indicated that it was undertaking detailed sharing
studies for MSS below 1 GHz systems and that the results of those studies would be
forwarded to the Commi;sion when complete. It believed that these studies were necessary
in order to eliminate much of the confusion that currently exists on how MSS below 1 GHz
SDMA systems can successfully share with land mobile operations in the uplink and with
various other services in the downlink. The Uplink Report is now finished and is being
submitted herewith.!
Initially, Leo On¢ USA would like to applaud the efforts made by the FCC and the

United States government in developing proposals for the World Radiocommunications

' The Downlink Report will be forwarded to the Commission in several days.
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Conference ("WRC-95") We are particularly pleased by the proposals for additional
spectrum allocations to tlie MSS below 1 GHz service. The FCC proposed an allocation of 4
MHz in the space-to-Ear h direction and 2.150 in the Earth-to-space direction for MSS below
1 GHz systems.

Although these proposals go a long way toward meeting the downlink requirements
for this new innovative s:rvice, Leo One USA believes that access to additional uplink
spectrum is critical. Specifically, if present market projections for the MSS below 1 GHz
service are to be met, Leo One USA believes that it is necessary for WRC-95 to allocate at
least 5 MHz of uplink spectrum. This is consistent with the conclusion of the Conference
Preparatory Meeting whi:h indicated that 7-10 MHz of additional spectrum was needed in
the near future. Otherwise, new systems may not have access to enough spectrum to ensure
commercial viability .2

As stated in its previous Comments, Leo One USA believes that MSS below 1 GHz
systems can successfully share with land mobile operations.® The attached Uplink Report
substantiates this conclusion.* This uplink sharing analysis was conducted by LinCom
Corporation, an indepenclent systems engineering firm with a 20-year history in the satellite
industry and a major contributor to the advancement of satellite communications technology

through its participation n programs such as Milstar, The Space Station Freedom, the Space

2 FDMA systems 1eed enough bandwidth to find a sufficient number of open channels

while CDMA systems nced to spread their signal over a large enough bandwidth in order to
provide a commercially viable data rate.

3 See Comments of Leo One USA in IC Docket No. 94-31 at 9, March 6, 1995.

4

Since Leo One USA proposes to operate an FDMA system, this Uplink Report only
evaluates sharing betwee1 FDMA and land mobile systems.
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Shuttle, and the TDRSS/ATDRSS. This study was designed to analyze the feasibility of co-
frequency sharing between mobile satellite service uplinks and land mobile services.’ The
narrowband (FDMA/TDMA) uplink transmissions of the Leo One USA MSS system were
simulated in the presence of land mobile transmissions to determine the availability of
channels for the Leo On¢: USA system and the probability of interference to land mobile
users. The results of thi; study can be generalized to multiple narrowband MSS systems
simultaneously co-frequency sharing with land mobile services.

The study used d'namic, stochastic models of both Leo One USA and land mobile
units to provide a high fidelity analysis of the co-frequency sharing potential between MSS
systems and land mobile services. An overview of the results is summarized below.

° Co-frequency sharing between narrowband MSS below 1 GHz systems and land
mobile services v/ill allow the MSS below 1 GHz systems to find clear channels.

- Assuming 1 MHz of available spectrum, a 25 KHz land mobile channelization
plan, and 7.6 kbps Leo One USA uplink channels, an average of 6 clear
uplink channels will be available per satellite in the presence of up to 240,000
land mobi e users across CONUS, assuming an average activity factor for the
land mobi e users.

- Assuming 1 MHz of available spectrum, a 6.25 KHz land mobile
channelization plan, and 2.4 kbps Leo One USA uplink channels, an average
of 6 clear uplink channels will be available per satellite in the presence of up
to 1.92 m:1lion land mobile users in the CONUS, assuming an average activity
factor for the land mobile users.

- The result; scale approximately linearly as more, or less, spectrum is available
to the MS3 system. For example, assuming 5 MHz of available spectrum, a
6.25 KHz land mobile channelization plan and 2.4 kbps Leo One USA uplink
channels, in average of 30 clear uplink channels will be available per satellite

5 This Report uses Recommendation ITU-R M 1039 (Method For Evaluating Sharing
between systems in the Land Mobile Service below 1 GHz and FDMA MSS Mobile Earth
Stations) as a basis for its analyses.
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for up to 9.6 million land mobile users in the CONUS, depending on the land
mobile average activity factor.

° Co-frequency sharing between narrowband MSS systems and Land Mobile
services will result in negligible interference into Land Mobile users.

IF NO USE OF DYNAMIC CHANNEL ALLOCATION ASSIGNMENT SYSTEM
(DCAAS)

- For operaiion in 1 MHz of spectrum with random uplink channel assignment
(NO avoicance of active channels), the probability of interference into a given
land mobile user is 0.0002, which is equivalent to 1 second of interference, a
pop or click, for every 83 minutes of on-air operation.

- If Leo Onz USA'’s uplinks were operating in S MHz of spectrum a given land
mobile uscr would experience an average of 1 second of interference for every
7 hours of’ on-air operation for completely random Leo One USA uplink
channel assignment.

IF DCASS IS USED

- When dyr amic channel assignment is used to avoid channels actively being
used by lend mobile receivers, the interference from Leo One USA
transceivers into a given Land Mobile receiver will be virtually nonexistent.

The results of the LinCom analysis indicate that narrowband MSS below 1 GHz
systems can successfully share spectrum with land mobile services. Furthermore, the
refarming of land mobilc: channels into a narrower channel plan does not inhibit the ability of
MSS below 1 GHz systems to successfully share this spectrum.

Leo One USA believes this Report further substantiates the ITU-R’s previous
conclusion that MSS below 1 GHz systems can successfully share with land mobile users. In
a co-sharing situation, eough channels will be available to insure commercially viable MSS
below 1 GHz systems. Equally important, when DCAAS is used there will virtually not be

any interference to the laind mobile service. Given this conclusion and the need for a total of

5 MHz of uplink spectnim at WRC-95, Leo One USA urges the U.S. government to
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immediately propose the allocation of at least 3 MHz of land mobile spectrum (e.g., 456-459
MHz) for MSS below 1 GHz uplinks in addition to the 2 MHz proposed in the Commission’s

June 15, 1995 Report.

Respectfully submitted,

Laloeit B M [ £y 5

ROSENMAN & COLIN

1300 19th Street, N.W., Suite 200
Washington, D.C. 20036

(202) 463-4645

Dated: July 6, 1995 Attorney for Leo One USA
Corporation
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1.0 Introduction and Summary

This study analyzes the feasibility of co-frequency sharing between non-voice non-
geostationary (NVNG) mobile satellite service (MSS) uplinks and Land Mobile services.
The narrowband (FDMA/TDMA) uplink transmissions of the Leo One USA NVNG MSS
system were simulated in the presence of Land Mobile transmissions to determine the
availability of channels for the Leo One USA system and the probability of interference
to Land Mobile users. The results of this study can be generalized to muitiple
narrowband NVNG MSS systems simultaneously co-frequency sharing with Land
Mobile services.

Leo One USA proposes to operate its subscriber uplinks in the 148.905 - 150.05 MHz
band. Land Mobile Trensceivers operate in the 148 - 149.9 MHz band. Thus there is
the potential for interference, both from Land Mobile Transceivers into Leo One USA
Satellites and from Len One USA Transceivers into Land Mobile Transceivers. Other
bands from 100 MHz to 500 MHz that are used by Land Mobile Transceivers are also
being considered for “Little LEO” uplinks.

A previous report' used static, deterministic models to analyze the sharing potential in
the 148 - 149.9 MHz hand and determine the interference sensitivity to operation in
other potential “Little _EQO” bands. It showed that “Leo One USA can successfully
operate its uplinks in Liand Mobile bands in the 100 MHz to 500 MHz range and can co-
exist with Land Mobile Transceivers operating with a variety of channelization plans.”
The results of that repcrt are summarized in Section 2.

This report uses dynainic, stochastic models to provide higher fidelity analysis of the
co-frequency sharing potential between NVNG MSS systems and Land Mobile
services. Section 3 describes the models used. The analysis and simulation results are
presented in Sections 4 and 5 for the interference into Leo One USA satellites and the
interference into Land Mobile users, respectively.

Section 4 shows that co-frequency sharing between narrowband NVNG MSS systems

and Land Mobile services will allow the NVNG MSS to find clear channels.

e Assuming 1 MHz of available spectrum, a 25 KHz Land Mobile channelization plan,
and 9.6 kbps Leo Cine USA uplink channels, an average of 6 clear uplink channels
will be avaiiable pe - satellite in the presence of up to 240,000 Land Mobile users in
the CONUS, depending on Land Mobile average activity factor.

e Assuming 1 MHz of available spectrum, 6.25 KHz Land Mobile channelization plan,
and 2.4 kbps Leo One USA uplink channels, an average of 6 clear uplink channels
will be available per satellite in the presence of up to 1.92 million Land Mobile users
in the CONUS, depanding on Land Mobile average activity factor.

' M. Sturza, M. Yang, H. Won, “Leo One USA Uplink Band Interference Analysis Report”, 12 April 1995.



¢ In both of the above cases, the average waiting time for a given Leo One USA
transceiver to have a clear channel available is less then 40 seconds.

e The above results scale approximately linearly with available spectrum. For
example, assumin¢g 5 MHz of available spectrum, a 6.25 KHz Land Mobile
channelization plan and 2.4 kbps Leo One USA uplink channels, an average of 30
clear uplink channeils will be available in the presence of up to 9.6 million Land
Mobile users in the CONUS, depending on Land Mobile average activity factor.

Section 5 shows that clo-frequency sharing between narrowband NVNG MSS systems

and Land Mobile servicees will result in negligible interference into Land Mobile users.

e For operation in 1 IMHz of spectrum with random uplink channel assignment (no
avoidance of activet channels), the probability of interference into a given Land
Mobile user is 0.0002, which is equivalent to 1 second of interference, pops or
clicks, for every 83 minutes of on-air operation.

e Restricting the Leo One USA uplink channel assignments to interstitial channels
reduces the interference to 1 second for every 15 hours of on-air operation.

e If Leo One USA’s uplinks were operating in 5 MHz of spectrum a given Land Mobile
user would experience an average of 1 second of interference for every 7 hours of
on-air operation for completely random Leo One USA uplink channel assignment.

e This interference is reduced to one second every 70 hours of on-air operation if the
random assignments are restricted to interstitial channels.

e When dynamic channel assignment is used to avoid channels actively being used
by Land Mobile Tranhsceivers, the interference from Leo One USA Transceivers into
a given Land Mobile: receiver is negligible.

The results of this studly show that narrowband NVNG MSS systems can successfully
share spectrum with Lzind Mobile services.
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2.0 Review of Reiults from Previous Report

The analysis and simu ation results provided in the previous report are summarized in
the following sections. These results were obtained using static, deterministic models.
They do not account for Leo One USA constellation dynamics, the geographical
distribution of Leo One: USA transceivers and of Land Mobile transceivers, or for the
Leo One USA transceiver and Land Mobile transceiver activity factors. As crude as the
results are they clearly demonstrate that there is a positive potential for co-frequency
sharing between the Lelo One USA NVNG MSS and Land Mobile services.

21 Interference fronh Land Mobile Transceivers into Leo One USA Satellites

Simulations were perf¢rmed to determine the number of and the probability of being
able to find clear chanrlels. Four Land Mobile channelization plans were considered:

12.5 KHz spacing with 8 KHz IF bandwidth FM signal
15 KHz spacing with 8 KHz IF bandwidth FM signal

25 KHz spacing with 16 KHz IF bandwidth FM signal
30 KHz spacing with 16 KHz IF bandwidth FM signal

Three Leo One USA c¢hannel bandwidths were considered (2.4 kbps, 4.8 kbps, 9.6
kbps). The worst interfizrence was shown to occur when both of the systems are using
the widest bandwidths (16 kHz IF for Land Mobile and 9.6 kbps uplink bandwidth for
Leo One USA).

Figures 2-1 and 2-2 shpw the median and 90-th percentile number of clear channels as
a function of the numbir of Land Mobile Transceivers simultaneously active in a given
1/2-second interval, respectively. Figures 2-3 and 2-4 show the probability of being
able to find 15 clear channels as a function of the number of simultaneously active
Land Mobile Transceivzrs for different operating frequency bands and for different lo/No
thresholds, respectivelv.

The results show that:

e The probability of finding 15 clear channels increases for smaller LEO One USA
channel sizes for the same number of Land Mobile Transceivers simultaneously
active in a given 1/z-second interval.

e For a given amout of spectrum, 1.9 MHz, the probabilities of finding 15 clear
channels are similer for the 148 - 149.9 MHz, 312 - 315 MHz, and the 450 - 460
MHz bands for the same number of Land Mobile Transceivers simultaneously active
in a given 1/2-secorhd interval.
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1 MHz band with 25 KHz channelization (40 channels)
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-140 dBW minimum received signal power at edge of coverage
FM thresholc at C/(N+l) = 10.7 dB.
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Figure 3H-2. Land Mobile Transceiver Transmit FM Signal Mask
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4.0 Interference |
Satellites

Figure 4-1 shows the
channels per satellite
Land Mobile Transceiv
there are 80,000 Lant
finding 6 or more clear
when there are 240,00(

Figure 4-2 shows the ¢
of the number of Land
240,000 Land Mobile 1
will be available per s
Mobile Transceivers th
being available is appr;
For example, if there ¢
average six 2.4 kbps uj

Also as shown in the

results in a given numt
linearly with the size |
million Land Mobile

channelization plan, thl\
satellite.

Figure 4-3 shows the p
the probability of succ
time. All of these figure
be scaled with Leo On
up to 240,000 Land Mc
given Leo One USA 1
seconds.

Figure 4-6 shows the
the 149 - 150 MHz and
band is more severe |
reduced.

Hfrom Land Mobile Transceivers into Leo One USA

cumulative probability for the number of clear 9.6 kbps uplink
assuming 1 MHz of available spectrum for various numbers of
ars operating with a 25 KHz channelization plan. For example, if
1 Mobile Transceivers in the CONUS, then the probability of
uplink channels is about 0.98. The probability decreases to 0.55
)* Land Mobile Transceivers.

wverage number of clear 9.6 kbps uplink channels as a function
Mobile Transceivers in the CONUS. For example, if there are
ransceivers in the CONUS, then on average 6 uplink channels
atellite. As shown in the previous report, the number of Land
at results in a given number of clear 2.4 kbps uplink channels
ximately twice that as for a given number of 9.6 kbps channels.
ire 480,000 Land Mobile Transceivers in the CONUS, then on
link channels will be available per satellite.

previous report, the number of Land Mobile Transceivers that
er of clear uplink channels being available varies approximately
»f the Land Mobile channels. For example, if there are 1.92

ITransceivers in the CONUS operating with a 6.25 KHz

3n on average six 2.4 kbps uplink channels will be available per

-obability of no clear channels being available, Figure 4-4 shows
assful transmission, and Figure 4-5 shows the average waiting
»s assume 1 MHz of available spectrum and all of the results can
3 USA channel rate and with Land Mobile channel spacing. For
bile Transceivers in the CONUS, the average waiting time for a
ransceiver to have a clear channel available is less then 40

average number of clear channels per satellite for operation in
455 - 456 MHz bands. The Doppler shift in the higher frequency
and thus the number of clear channels per satellite is slightly

2 The 240,000 Land Mobile T
of 0.001. Identical results wor
the CONUS and average activ

-ansceivers in the CONUS are modeled as operating with an average activity factor
11d be obtained for any other combination of number of Land Mobile Transceivers in
ity factor that have a product of 240. For example, 24,000 Land Mobile Transceivers

with an average activity factor

10f0.01, or 2.4 million with 0.0001.
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